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Abstract: Large-scale grid-connected photovoltaic (PV) systems significantly contribute to worldwide 
renewable energy growth and penetration, which has inspired the application of cascaded modular 
multilevel converters due to their unique features such as modular structures, enhanced energy 
harvesting capability, scalability and so on. However, power distribution and control in the cascaded PV 
system faces tough challenge on output volt- age over modulation when considering the varied and non-
uniform solar energy on segmented PV arrays. This paper addresses this issue and proposes a decoupled 
active and reactive power control strategy to enhance system operation performance. The relation- ship 
between output voltage components of each module and power generation is analyzed with the help of a 
newly derived vector diagram along with PI and fuzzy control which illustrates the proposed power 
distribution principle. On top of this, an effective control system including active and reactive 
components extraction, voltage distribution and synthesization by using PI and fuzzy control is developed 
to achieve independent active and reactive power distribution and mitigate the aforementioned issue. 
Simulation results are provided to demonstrate the effectiveness of the proposed control strategy for 
large-scale grid-connected cascaded PV systems. 
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I. INTRODUCTION 
This paper addresses this problem and proposes a 
decoupled active and reactive power control 
technique to enhance system operation 
performance. The connection between output 
current aspects of each module and power 
generation is examined with the aid of a recently 
derived vector diagram which demonstrates the 
suggested power distribution principle. On the top 
of the, a highly effective control system including 
active and reactive components extraction, current 
distribution and synthesization, is designed to 
achieve independent active and reactive power 
distribution and mitigate these issue. Global energy 
crises and ecological concerns from conventional 
non-renewable fuels have attracted increasingly 
more alternative energy developments within the 
worldwide [1]. As one sort of modular multilevel 
converters, cascaded multilevel converters share 
many merits of modular multilevel converters, e.g., 
lower electromagnetic interference, low device 
rating, enhanced harmonic spectra, modularity, 
etc., but additionally is extremely promising for 
that large-scale PV system because of its unique 
advantages for example independent maximum 
power point monitoring (MPPT) for segmented PV 
arrays, high ac current capacity, etc. However, 
cascaded multilevel converters in PV systems aren't 
the same as their some effective application for 
example medium current motor drive, static 
synchronous compensator (STATCOM), harmonic 
compensator, solid condition transformer, that are 
associated with shaped segmented electricity 
sources. PV systems with cascaded multilevel 
converters need to face tough challenges thinking 
about solar energy variability and mismatch of 
maximum power point from each ripper tools 
module because of manufacturing tolerances, 
partial shading, grime, thermal gradients, etc. The 
ripper tools module with greater active power 
generation will carry more area of the whole ac 
output current, which might cause over modulation 
and degrade power quality if proper control product 
is not embedded in to the cascaded PV system. 
 
Fig.1.Proposed system Circuit 
II. PROPOSED SYSTEM 
A reactive and active power control strategy 
continues to be used in cascaded PV system with 
isolated electricity-electricity converters. Reactive 
power change is combined with the active power 
change in the same direction, which might 
aggravate output current over modulation during 
unsymmetrical active power outputs from 
segmented PV arrays. To be able to solve these 
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issues, this paper pro- poses a sizable-scale grid-
connected cascaded PV system including current-
given dual-active-bridge (CF-DAB) electricity-
electricity converters and cascaded multilevel 
inverters. A de- couple active and reactive power 
control product is designed to enhance the system 
operation performance. Reactive power from each 
PV ripper tools module is synchronously controlled 
to lessen the over modulation of PV ripper tools 
output current brought on by unsymmetrical active 
power from PV arrays. Particularly, the suggested 
PV system enables a sizable low-frequency 
electricity current ripple for every PV ripper tools 
module, that won't affect MPPT accomplished by 
CF-DAB electricity-electricity converters. The 
cascaded multilevel inverters are directly attached 
to the grid without big line-frequency transformer, 
and also the synthesized output current from 
cascaded modules facilitates to become extended to 
satisfy high grid current requirement because of the 
modular structure [2]. Each electricity-electricity 
ripper tools module is interfaced with segmented 
PV arrays and then the independent MPPT could 
be accomplished to reap more solar power. 
Particularly, the floor leakage current and PV 
insulation issues are effectively covered up. This 
paper is centered on active and reactive power 
distribution charge of the cascaded multilevel 
inverters within the suggested PV system. The 
detailed electricity-electricity ripper tools design 
continues to be provided and won't be repeated 
within this paper. The chosen application is really a 
3-MW/12-kV PV system within this paper. The n is 
chosen to become 4 thinking about the compromise 
one of the cost, lifetime, passive components, 
switching products and frequency selection, and 
power quality. Consequently, power rating of every 
inverter module is 250 kW. The typical electricity 
current of every inverter module is 3000 V in line 
with the dependence on inverter output current, 
power products in addition to power quality.  The 
2nd-order current ripple around the electricity side 
is permitted to twenty Percent even greater. Hence, 
film capacitor with 400 µF, Can, is qualified to 
enhance the machine lifetime. 
 
Fig.2.Vector diagrams 
III. SYSTEM DESIGN 
In the cascaded PV system, power distribution 
between these modules is primarily dominated by 
their respective ac output voltage because the same 
grid current flows through these modules in each 
phase. Vector diagrams are derived to demonstrate 
the principle of power distribution between four PV 
inverter modules in phase a. The same analysis can 
be applied for phases b and c. considering the relative 
stability of the grid voltage, vga is used for the 
synchronous signal. The α-axis is in phase with 
grid voltage and the β-axis lags the α-axis by 90◦ the 
d-axis is aligned. With the grid voltage by the phase-
locked loop (PLL) control and the q-axis lags the d-
axis by 90◦. The grid current is relatively stable to 
the grid voltage in steady state. Therefore, the new 
d-axis (d_) can be aligned with the grid current. It 
is obvious that the d_-axis component of the 
inverter output voltage vsa d_ determines the active 
power. Vector diagrams showing relation between 
αβ frame, dq frame, and dtqt frame. (a) The 
relationship between the grid current, grid voltage, 
and inverter output voltage in phase a. (b) The 
voltage distribution of PV inverter in phase a. 
generation, and the qt-axis component vsaq t 
decides the reactive power output. The power 
distribution between four PV inverter modules 
under different active power generation. The output 
voltage of the total inverter Vsa is synthesized by 
the four inverter module output voltage with 
different amplitude and angles. In particular, the 
vka  dt and  vka q t (k = 1, 2,.. .4) can be 
independently controlled to implement the 
decoupled active and reactive power control. The 
proposed control system of the grid- connected 
cascaded PV converters including CF-DAB dc–dc 
converters control and cascaded multilevel 
inverters control in phase a. Due to the dual-active-
bridge struc- ture, this control has two degrees of 
freedom: the duty cycle D and the phase shift angle 
ϕ, by which the PV voltage Vpv 1a 1 and LVS dc-
link voltage VLV are controlled, respectively. By 
regulating LVS voltage through ϕ, the power 
generated from the PV arrays and the power deliv- 
ered to HVS are matched. In the cascaded multilevel 
converter control, active power distribution 
between cascaded PV converter modules is decided 
by the individual maximum power available from 
PV arrays. Considering dc capacitors connected 
with cascaded multilevel inverter modules have the 
same capacitance, reactive power from each module 
can be synchronously controlled to reduce the over 
modulation risk regardless of active power change. 
Therefore, the proposed control strategy can be 
called decoupled active and reactive power 
distribution control [3]. Due to the same grid 
current goes through    ac side of each module, only 
grid voltage synchronization is not able to perform 
the separation of active and reactive power in each 
module under unsymmetrical active power 
generation. In the proposed control, individual 
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voltage outer loop controls dc voltage of each 
inverter module to track the reference. The output 
voltage signal vsa d is synthesizedby Δvsa d, vga d 
and decoupled variable ωLf iga q . The output 
voltage signal vsa q is composed ofΔvsa q vga a 
and decoupled variable ωLf iga d . Subsequently, 
vsa d and vsa q are sent to the “active and reactive 
components extraction” module, which produces 
the decisive active and reactive components, vsa d_ 
and vsa q _ , by synchronizing with iga . And then 
the “voltage distribution and synthesization” 
module divides the vsa d_ and vsa q into the n 
cascaded PV inverter modules according to their 
respectiveactive and reactive power contribution 
[4]. The “activeand reactive components 
extraction” module is used to transferthe outputs of 
inner loops vsa d and vsa q in dq frame to vsa 
d_and vsa q _ in d_q_ frame. The angle of grid 
current θiga is the key to achieve the 
transformation. The grid current iga can be 
measured and act as the signal iga α in the α-axis. 
The active components vka d_ (k = 1, 2, ..., n) of 
each module output voltage is determined by their 
respective active power contribution, which the 
ratio is Ppvka /._n i=1 Ppvia (k = 1, 2, ..., n). The 
reactive power output from each module is 
controlled to be the same in order to mitigate 
output voltage overmodulation caused by 
unsymmetrical active power from segmented PV 
arrays. Hence, the corresponding reactive 
components vka q _ (k = 1, 2, ..., n) are distributed 
with the same ratio 1/.n.  
IV. IMPLEMENTATION 
The large-scale grid-connected cascaded PV 
system with the proposed control strategy is first 
validated in co simulation platform with PSIM and 
MATLAB. Considering the characteristics of PV 
arrays, the equivalent input current source i_PV 
and voltage source VP_V are developed in this 
model.  Therefore, the equivalent voltage source (1 
− D) Vd_c N and current source (1 − D) i_s N can 
be integrated into this model, which i_s is the 
equivalent primary side transformer current and N 
is the transformer turn ratio. The transferred power 
by CF-DAB dc–dc converters is determined by 
both D and ϕ. Accordingly, the equivalent current 
source f(D,ϕ) i_s N can be obtained and connected 
with voltage source (1 − D) Vd_c N by equivalent 
leakage inductor L_s , which f(D,ϕ) can be derived. 
The equivalent inverter output m_Vd_c is 
connected with grid voltage source vga by grid 
inductor Lf . The equivalent current source m_iga is 
integrated in the middle circuit of this model. In 
this paper, the reactive power injection into grid is 
defined as negative and reactive power absorption 
from grid is defined as positive. The active power 
injection into grid is defined as positive and active 
power absorption from grid is defined as negative. 
As a result, the unsymmetrical active power from 
these modules will affect the reactive power 
distribution between these modules [5]. The 
module with high active power generation is 
required to provide high reactive power, which will 
cause output voltage over modulation of this 
module. However, the proposed decouple active 
and reactive power control strategy solve the 
aforementioned issue. vsa d and vsa q are 
reallocated based on the respective active power 
contribution of these modules. The equivalent 
reactive power can be generated from these 
modules regardless of the unsymmetrical active 
power.  
V. CONCLUSION 
This paper addressed the active and reactive power 
distribution among cascaded PV inverter modules 
as well as their impacts on power quality and 
system stability for that large-scale grid- connected 
cascaded PV system. The output current for every 
module was separated according to grid current 
synchronization to attain independent active and 
reactive power distribution and PI and fuzzy 
control happen to be utilized in the machine. A 
decoupled active and reactive power control 
strategy was created to boost system operation 
performance. The suggested control strategy 
enabled the cascaded PV inverter modules to 
adequately embody their particular reactive power 
compensation capacity no matter their active power 
generation. Furthermore, it had been shown that the 
chance of over modulation from the output current 
in the cascaded PV inverter modules could be 
effectively reduced, which improves system power 
quality and stability. Correspondingly, the 
simulation and experimental results confirmed the 
validity from the suggested control strategy. 
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